lntratypic Electrophoretic Variation of Structural and Non-structural
Polypeptides of Human Influenza A Viruses (Accepted 10 June 1981) SUMMARY Intratypic electrophoretic mobility differences in high resolution SDSpolyacrylamide gels were detected between corresponding matrix (M) proteins, nucleoproteins (NP), haemagglutinin (HA) and the non-structural polypeptides NS 1 and NS2 induced in Vero cells by human influenza A viruses of the antigenic subtypes H 1N 1 and H3N2. Such phenotypic differences were distinguishable in both H1N1 and H3N2 viruses isolated in single school and city outbreaks. Additional intratypic variation was detected in the biological property of virus plaquing in MDCK cells. Although the biochemical basis is not established, phenotypic variation could represent an additional factor influencing the epidemiology of influenza A viruses.
Little information is available on the phenotypic variation of the virus-specific polypeptides of isolates of human influenza A viruses within a single antigenic subtype. Earlier reports have described considerable variation in the electrophoretic migration rates of polypeptides from viruses of different influenza A subtypes such as A/PR/8/34 (H1N1) and A/Hong Kong/1/68 (H3N2) (Ritchey et al., 1977; Oxford et al., 1978 Oxford et al., , 1980a in high resolution gel systems which have been shown to detect substitution of single amino acids in certain non-viral proteins (de Jong et al., 1978) . Studies of tryptic peptides of M protein (Laver & Downie, 1976; Brand et al., 1977) and NP (Dimmock et al., 1980) have established directly some differences between the corresponding proteins of different influenza A viruses. In the present study, the polypeptides of 77 human influenza A virus isolates of two antigenic subtypes (H1NI and H3N2) were analysed using single-dimension, high resolution SDS-polyacrylarnide gels (Laemmli, 1970; Inglis et aL, 1976; Cleveland et al., 1977) . Marked variation in migration rates of the corresponding structural (HA, M, NP) and non-structural (NS 1) polypeptides was detected for influenza viruses within each of the two subtypes and isolated in epidemics in different geographical locations and also in single outbreaks. Variation in the temperature-sensitive (ts) phenotype has been described for influenza viruses of the H1N1 and H3N2 subtypes (Kung et al., 1978; Oxford et al., 1980b) and the present study provides additional data which indicate the existence of a considerable degree of phenotypically expressed diversity among the structural and non-structural proteins of field isolates of influenza A viruses.
Influenza A (H1N1 and H3N2)virus isolates from epidemics in Hong Kong, China, U.K., U.S.A. and U.S.S.R. were obtained from the World Health Organization (WHO) National Influenza Centres in those countries and were cultivated in the allantoic cavity of embryonated hens' eggs by standard procedures. The 77 isolates examined are listed in Gey's medium and the cells lysed, the polypeptides were analysed using high resolution SDS-containing polyacrylamide gels as described previously (Oxford et al., 1978 (Oxford et al., , 1980a . No cytopathic effects were observed with human influenza virus isolates under these conditions. In some experiments, influenza virus RNA was labelled with 32p, using the method described by Palese & Schulman (1976 (Oxford) , had migration rate differences in the NP polypeptide ( Fig. 1 a, lanes 5  and 1) . In addition, migration rate differences in NP polypeptides were detected among three viruses isolated in a single school outbreak (A/England/47/78, A/England/48/78 and A/England/44/78). The NP polypeptide of most H1N1 virus isolates (19 out of 21 viruses examined)from the epidemics in 1977 and 78 described above, migrated at the same rate or more rapidly than the NP of the prototype virus A/USSR/92/77. In contrast, most viruses isolated more recently in epidemics in 1978 and 1979 (11 out of 17 viruses examined) induced an NP with a markedly decreased electrophoretic mobility compared to viruses isolated in the previous season (Table  1 ). The significance of this relatively abrupt change in a biochemical property of the NP is not clear at present and a more extensive surveillance of viruses will be required to relate the observation to epidemiological events. The polypeptide composition of 17 H 1N 1 viruses isolated between 1933 and 1953 was also examined, and heterogeneity of mobility of NP and M polypeptides of certain viruses was detected by SDS-PAGE (Table 1) . Therefore, electrophoretic migration heterogeneity of polypeptides was not restricted to recent influenza A viruses isolated during a time of co-circulation of viruses of the two antigenic subtypes H 1N 1 and H3N2, and where intertypic recombination may have occurred in nature (Kendal et al., 1979) .
The migration rates of virus-induced NP and NS1 polypeptides of 19 H3N2 viruses isolated in geographically different areas were compared to those of the prototype virus A/Hong Kong/1/68 and marked differences were detected (Fig. l b) . In addition, the polypeptide profiles of a number of influenza viruses of the H3N2 subtype isolated in circumscribed city outbreaks were examined. Two viruses isolated in Leeds (A/England/ 863/78 and A/England/929/78) were distinguishable from two other viruses isolated in the same outbreak (A/England/951/78 and A/England/500/78) by a rapid mobility of HA and 16K polypeptides of the former viruses (data not shown). Mobility differences in HA, M and NS 1 polypeptides were detected between three viruses isolated in the same epidemic in Bath (A/England/641/78, A/England/938/78 and A/England/939/78).
The migration rate differences of both virus structural and non-structural polypeptides described above appeared to be a genetically determined and relatively stable characteristic of In some experiments pulse-labelling was carried out after 6 h with identical results.
[3~S]methionine-labelled polypeptides were separated using 20% polyacrylamide gels and the buffer systems described by Laemmli (1970) (Oxford et al., 1980a) . M, Matrix protein detected as a rapidly migrating doublet with certain viruses (A/Hong Kong/ 1/68) as described previously (Oxford et al., 1980a) . Immunoprecipitation experiments to unambiguously identify M polypeptide could not be carried out on the large number of viruses analysed in the present study. It is assumed, therefore, that the M polypeptides of all the viruses examined have similar properties and migrate more rapidly in the high percentage polyacrylamide gels than the NS 1 polypeptides. 1, 2, Non-structural virus-induced polypeptides with a mol. wt. of 16K and 12K respectively. The 12K polypeptide corresponds approximately in mol. wt. to the ninth virus-induced protein described previously (Skehel, 1972; Lamb et al., 1978) . The 16K polypeptide has been described previously (Oxford et al., 1980a) . Note that the polymerase polypeptides P1, P2 and P3 are not resolved clearly in the 20 % polyacrylamide gels.
the virus since particular polypeptide profiles were maintained on serial passage of viruses in e m b r y o n a t e d eggs (4 passages at low dilutions), were present in separately isolated virus clones and segregated in r e c o m b i n a n t viruses (J. S. Oxford unpublished results). However, it was o f interest to determine if differences were detectable in the mobility o f the corresponding R N A s of the viruses since this technique has been used to indicate genetic differences between influenza A viruses (Palese & Schulman, 1976; Hinshaw et al., 1978) . Differences were detected in the relative migration rates of genes 1, 2, 7 and 8 (coding for polypeptides P3, P2, M and NSI) for three of the H1N1 virus isolates from England and the corresponding genes of the reference strain A/Brazil/l 1/78 (H1N1). The migration rates of genes 1 to 7 were similar for these three isolates, but a difference was noted between the migration rate of gene 8 for the A/England/6/78 virus, compared to the other two viruses (A/England/2/78 virus and A/England/3/78). The isolates A/England/3/78 and A/England/6/78 were from the same outbreak in Oxford, and thus genetic variation was detected between viruses isolated in geographically circumscribed epidemics. A marked degree of intratypic variation in plaque morphology and size was noted for the influenza A viruses described above. Thus, H 1N 1 virus isolates from a single school outbreak, which had shown phenotypic variation in the electrophoretic migration characteristics of structural polypeptides, also differed in the biological property of plaque morphology and size (Table 1) . A/England/48/78 virus produced well-defined, medium-sized plaques in MDCK cells similar to the prototype virus A/USSR/90/77, whereas both A/England/47/78 and A/England/44/78 viruses produced small, poorly defined plaques. Similarly, marked variation in plaque size was detected among viruses of the H3N2 antigenic subtypes, including viruses A/England/938/78 (H3N2) and A/England/939/78 (H3N2) which had been isolated in the same city epidemic and produced small and medium sized plaques respectively (Table 1 ). The plaquing properties of a particular isolate, A/England/116/78 (H 1N 1), were demonstrated to be a genetically stable characteristic, since five serial in vitro passages did not result in a change of the typical plaque morphology. The plaque size marker co-segregates wth multiple genes in recombinant viruses (J. S. Oxford, T. Corcoran, K. A. Callow & G. C. Schild, unpublished results).
The biochemical differences in NP, M and NS 1 polpeptides detected in the present study for virus strains within each of the H1N1 and H3N2 subtypes might result from mutational changes in the corresponding genes or from inter-or intratypic recombination events Bean et al., 1980) . Further studies using oligonucleotide mapping are in progress to investigate the biochemical basis for this variation. We recognize that limitations of the analytical technique are that small differences in the mobility of the virus RNA or polypeptides may not be detectable and thus variation may be underestimated, or alternatively, that differences in migration rates may reflect only minor differences in nucleotide or amino acid sequence (de Jong et al., 1978) , thus masking genetic homology. Nevertheless, intratypic genetic, phenotypic and biological variation is detectable among virus strains of the two subtypes and the existence of such heterogeneity, including variation in ts phenotype (Oxford et al., 1980b) , may be relevant additional factors influencing the epidemiology of human influenza A viruses.
